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High granularity calorimetry

ÅFuture Higgs/EW/top factories
ÅRequires unprecedented energy resolution for jet measurements

ÅA major calorimetry option: highly granular (imaging) + particle flow algorithms (PFA)

ÅPFA calorimetry: various options explored in the CALICE collaboration

ÅOptions covered in this talk: silicon, scintillator-SiPM, RPC
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CALICE silicon-tungsten ECAL option

ÅTungsten as absorber for narrow showers: better separation capability

ÅSilicon as sensitive layers: allows pixelization required by high granularity

ÅVery compact design: thickness of 20 cm for ~30 Si-W layers in 24X0

ÅLeading to limited space for readout boards and electronics components
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фнƳƳ ƭƻƴƎ όсέ ǿŀŦŜǊύ

Silicon Pad MatrixSiW-ECALχsilicon sensors+ CuW
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SiW-ECAL prototype

ÅTower of 15 short layers(18×18cm2)
ÅLongitudinal depth 21X0
Å15,360 readout cells in total

ÅOverall size of 640Ҏ304Ҏ246 mm3

ÅCommissioned in 2020-2022

ÅBeamtestsin November 2021 and during 2022
ÅMainly technical tests but also first real showers
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PCB with electronics (upside) PCB with readout pads (downside)

Silicon sensor with square pads

Use conductive glue (epoxy + silver):
no space for wire-bonding PIN diode 5Ҏ5 mm2



Yong Liu  (liuyong@ihep.ac.cn)

SiW-ECAL beamtestsand data analysis

ÅReasonable agreement between data and MC: #hits, energy

ÅEnergy resolution in ballpark expected from simulation

ÅMore analysis work required (including combined analyses)
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R&D to address a critical issue: sensor delamination

ÅSensor connectivity degradation: inhomogeneous response 
ÅPartially no response, esp. at wafer boundaries

ÅVisual inspection and electrical tests confirmed sensor delamination from the PCB 
Ą glue dots have failed

ÅPCB deformation: possibly the major reason (ongoing studies)
ÅPCB shape control: e.g. heating, humidity control (drying out)

ÅLow-viscosity gluewith an extra curing step (at 80°C) Ąmechanical tests

ÅAlternative hybrid option: with double-sided tape (250um, perforated)
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Control of PCB deformation Underfill Double-sided tape

Tensile tests

Inspired by CMS-HGCAL
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New developments in 2023

ÅASIC (SKIROC) tests
Å151/400 SKIROCs tested, with a satisfactory yield

ÅExpected enough for 9 layers of 18×54 cm2 (TBD)

ÅNew front-end boards
ÅImprovements in power and signal distributions, ASIC 

shielding and routing

ÅPlan to build 15-layer stack based on these new boards
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SKIROC testbench at LLR Test protocol developed by OMEGA

New front-end PCBs (LLR, IJCLab, LPNHE, OMEGA)
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Silicon sensor characterisation

ÅSilicon sensor characterisations
ÅCrucial in prototyping phase and for quality control in mass production (IV, CV, VBD, VFD, CFD)

ÅBias all pads (by a probe card) and switch between pads (switch a matrix)
ÅMeasurements with accuracy of o(100pA) and few pF for unirradiated samples

ÅNew probe card adapted to CALICE SiW-ECAL sensor layout
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New CALICE SiW-ECAL 6-inch 256-cell probe cardά!ww!¸έ {ȅǎǘŜƳin CMS-HGCAL project

Spring loaded, gold plated pins

https://doi.org/10.1016/j.nima.2019.06.007
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CALICE scintillator-tungsten ECAL option
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ÅScW-ECAL: scintillator strips with SiPM readout + CuW absorber
ÅA cost-effective option with plastic scintillator and less readout channels than SiW-ECAL
ÅEffective transverse granularity of υ υÍÍ
ÅtŀǘǘŜǊƴ ǊŜŎƻƎƴƛǘƛƻƴ ƛǎǎǳŜ όάƎƘƻǎǘ ƘƛǘǎέύΥ ǘƻ ōŜ ŀŘŘǊŜǎǎŜŘ ōȅ ǘƘŜ ά{ǘǊƛǇ-{ǇƭƛǘǘƛƴƎέ !ƭƎƻǊƛǘƘƳ

ÅScW-ECAL technological prototype:developed in 2016-2020

ScW-ECAL prototype
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ScW-ECAL technological prototype

ÅScW-ECAL prototype:developed in 2016-2020
ÅTransverse area of ~22x20 cm,32 longitudinalsampling layers
Å6,720channels,~350 kg, SPIROC2E(192chips)

ÅBeamtestcampaigns at CERN in 2022-2023
ÅAlong with AHCAL prototype
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Sensitive Layer

Ą 30 sampling layers

Ą 2 sampling layers
(in the rear part)

Sensitive Layer

ScW-ECAL tech. prototype Scintillator-SiPM readout scheme

Sensitive layer arrangements

ά{ǳǇŜǊ-ƭŀȅŜǊέ ŘŜǎƛƎƴ
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ScW-ECAL beamtestsat CERN

ÅDecent statistics of testbeamdata samples collected
ÅMuons: 10 GeV (PS-T9), 108/160 GeV (H8), 120 GeV (H2)

ÅElectrons/positrons: 0.5 ς5 GeV at PS; 10 ς120 GeV at SPS

ÅPions: 1 ς15 GeV at PS, 10 ς120 GeV (also 150 ς350 GeV) at SPS
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Transportation Lifting to beam area

Prototype assembly on site ScW-ECAL fixed on platform

100GeV muon 60GeV electron
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ScW-ECAL: SiPM calibrations with LED data

ÅLED data for SiPM gain calibrations
ÅOn-board LEDs: calibration data taken during beam tests

ÅSiPM gain: single photon calibration done for each channel (25-29°C)

ÅComparisons made with previous long-term cosmic-ray data (20°C)
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Increased bias voltage (+0.5V) of all 
channels during beam tests to compensate 
temperature difference from CR test
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ScW-ECAL data analysis: IC calibration

ÅIntercalibration (IC) ratio of High Gain (HG) and Low Gain (LG)
ÅSPIROC2E chip has two gain modes to cover a large dynamic range

ÅHG ADC saturation position: dependent on channels and chips

ÅAlso need to determine valid LG range (channel/chip-wise calibrations)

08.04.2024 2024 European Edition of CEPC Workshop in Marseille 13

C
h

a
n

n
e

l 
ID

Intercalibration Ratio: ChipIDvs ChnID

Chip ID

HG ADC versus and LG ADC Intercalibration Ratio

Slope defined as IC ratio



Yong Liu  (liuyong@ihep.ac.cn)

ScW-ECAL data analysis: MIP calibration

ÅMIP calibration with 100 GeV muon data
ÅExtracted MPV value from Landau distribution convoluted with Gaussian

ÅTrigger threshold and SiPM bias voltage optimized

ÅMuon tracking algorithm applied to improve fitting quality

ÅA small fraction of channels failed, due to insufficient statistics
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ScW-ECAL electron data: EM shower studies

ÅSimulation including digitisation: photon fluctuations, trigger or 
energy threshold (0.5 MIP), SiPM saturation

ÅStill discrepancy in MC/data: energy response, shower profile

ÅObserved contamination from pions

ÅOngoing efforts: simulation + digitisation, PID for better purity, 
impacts of SiPM noises
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Longitudinal Shower Profile: MCvsData

40 GeV e-

Energy vs Hit Number

40 GeV e- 40 GeV e-

Simulation Data
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Scintillator-Steel HCAL (AHCAL)
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ÅCEPC-AHCAL prototype (2018-2022)

ÅTransverse 72x72 cm2, 40 layers

Å12,960 channels (τ τÃÍ tiles)

Analogue HCAL prototype χscintillator tile +SiPM, steel

Granularity τ τÃÍ

ÅAHCAL tech. prototype (2010-2017)

ÅTransverse 72x72 cm2, 38 layers (4.4˂I)

Å22,000 channels (σ σÃÍ tiles)

2023 JINST 18 P11018

ά{ƛta-on-¢ƛƭŜέ ŘŜǎƛƎƴ

https://dx.doi.org/10.1088/1748-0221/18/11/P11018
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CEPC-AHCAL prototype: CERN beamtests

08.04.2024 2024 European Edition of CEPC Workshop in Marseille 17

ĄOverlapped energy points (10-15 GeV) at PS and SPS

ÅDecent statistics of testbeamdata samples: w/wo ScW-ECAL prototype
ÅMuons: 10 GeV (PS-T9), 108/160 GeV (H8), 120 GeV (H2)

ÅElectrons/positrons: 0.5 ς5 GeV at PS; 10 ς120 GeV at SPS

ÅPions: 1 ς15 GeV at PS, 10 ς120 GeV (also 150 ς350 GeV) at SPS
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2022 SPS-H8 beam purity: preliminary results 

ÅImaging calorimeter: characteristics of hit patterns with ‘ /Ὡ / “

ÅPositron beam: largely dominated by hadrons, barely no positrons >60 GeV

ÅHadron beam: a considerably large fraction of positrons (esp. with lower energy)
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2022 SPS-H8 positronbeam data 2022 SPS-H8 hadronbeam data
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PID studies with fractal dimension

ÅSPS-H2 beam purity >80% for electron and pion beams >30 GeV

ÅSignificantly better beam purity at H2 than H8

ÅNoise events now become a dominating factor: ongoing studies
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SPS- H2 Pion Beam SPS- H2 Electron Beam 
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AHCAL performance: preliminary results

ÅAHCAL prototype (alone) using data sets after PID selections
ÅEnergy linearity within ρȢυϷ

ÅEnergy resolution υφȢςϷȾὉὋὩὠἅςȢυϷ(expected φπϷȾὉὋὩὠἅσϷ)
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Preliminary

Preliminary

Preliminary

Ongoing studies to address critical issues : non-linearityeffects and corrections (SiPMs, ASICs), MC validation
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CALICE SDHCAL option

CALICE SDHCAL prototype (since 2012)

Å48 longitudinal layers (~сI˂), each layer of 1×1 m2

ÅTransverse granularity 1×1 cm2

Åсфмн !{L/ǎ όάI!w5wh/έΣ сп-ch)

Å3-threshold, ~440k readout channels

ÅCapable to run in power-pulsing mode (Linear Colliders)
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SDHCAL
ILD Module

GRPC: Glass Resistive Plate Chambers

Gas distribution

1x2m² RPC

Readout board for a large RPC

Assembled 1x2m² large RPC, 1x0.33m² PCBs

1x0.33m² PCB

Semi-Digital HCAL prototype χglass RPC, steel

Published: JINST 10 (2015) P10039

https://iopscience.iop.org/article/10.1088/1748-0221/11/04/P04001
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SDHCAL performance

ÅSDHCAL prototype tested several times with beams 
during 2012 ς2022 at CERN PS and SPS

ÅThe threshold information helps to improve on 
energy reconstruction (multiple hits in one pad)

ÅDetailed beamteststudies on hadronic showers
ÅEnergy reconstruction

ÅParticle identification: electron/muon/pion

ÅTrack segments: reconstruction by 3D-Hough transform
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JINST 11 (2016) P04001

JINST 15 (2020) P10009

Energy  reconstruction

Particle identification

JINST 17 (2022) P07017

JINST 12 (2017) P05009

http://jinst.sissa.it/jinst/common/archiveFile?filePath=/home/jinst/jinstArchive/archive/papers/preprint/JINST_012P_0216/6/2016_JINST_11_P04001.pdf&fileType=pdf
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T-SDHCAL: precision timing with SDHCAL
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Timingis an important factor to identify delayed 

neutrons and better reconstruct their energy

Timingcan help to separate close-by showers and reduce the confusion for a 

better PFAapplication. Example:  pi-(20 GeV), K-(10 GeV) separated by 15 cm.

1 ns  resolution

100 ps resolution

Y

X

Y

X

Y

Z

X

Y

Including time information in the simulation to separate hadronic showers 
(10 GeV neutral from 30 GeV charged particles) using techniques similar to Arbor

PFA separation with/without timing


